The essential oil from the heartwood of Taiwan fir (EOTC) was demonstrated to exhibit anti-inflammatory activity in lipopolysaccharide (LPS)-activated mouse macrophages. EOTC reduced nitrite oxide levels and inducible nitrite oxide synthase expression in, and tumor necrosis factor-α and interleukin-6 secretion by, LPS-activated macrophages without affecting cyclooxygenase-2 expression. EOTC reduced the levels of interleukin-1β precursor induced by LPS and decreased the NLRP3 inflammasome-derived interleukin-1β secretion induced by LPS and adenosine triphosphate. In addition, the phosphorylation levels of ERK1/2, JNK1/2, and p38 in LPS-activated macrophages were reduced by EOTC. Furthermore, EOTC was composed of oxygenated sesquiterpenes (68.4%), sesquiterpene hydrocarbons (28.9%) and diterpenes (0.9%). The major compounds of the oxygenated sesquiterpenes were -cadinol (23.9%), -cadinol (21.1%) and cedrol (16.9%). These findings suggest that EOTC may be a candidate for the development of anti-inflammatory agents for preventing and ameliorating inflammation-related diseases.
Although inflammation is essential for the host defense mechanism in response to pathogen infection, over-production of inflammatory mediator is harmful to health [1] . Stimulation of macrophages by lipopolysaccharide (LPS), a major cell wall component of gramnative bacteria, increases the expression levels of nitric oxide (NO), tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), and cyclooxygenase-2 (COX-2) [2] [3] . A strong link between inflammation and disease is becoming increasingly evident. Thus, development of potential approaches to prevent and mitigate the uncontrolled inflammation has become ever more popular and important.
Since essential oils and extractives of plants exhibit diverse biological activities [4] [5] [6] [7] [8] [9] , they are potential resources for the discovery of new immune modulating drugs. Taiwan fir [Taiwania cryptomerioides Hayata (Taxodiaceae)] is an endemic coniferous species of Taiwan. It is distributed in the central and northern mountain ranges of Taiwan at elevations between 1800 and 2600 meters above sea level. It is one of the so-called precious five conifers of Taiwan [10] . In the present study, we evaluated the essential oil isolated from the heartwood of Taiwan fir (EOTC) for the anti-inflammatory activity. The anti-inflammatory activity of EOTC was investigated using LPS-activated RAW 264.7 macrophages. The cells were incubated for 30 min with or without EOTC, then for 24 h with or without 1 μg/mL of LPS. As shown in Figure 1A , the levels of NO in cultural medium were reduced by EOTC in a dose-dependent manner. NO is produced from Larginine by inducible nitric oxide synthase (iNOS) and contributes to some pathogenesis by promoting oxidative stress, tissue injury and, even, cancer if it is generated in excess [11] . We found that the levels of iNOS in the cells were also reduced by EOTC, whereas the levels of COX-2 were not affected ( Figure 1B ). In the same system, we found that LPS increased the levels of TNF-α ( Figure 2A IL-6 ( Figure 2B ) in cultural medium, and these effects were reduced by EOTC in a dose-dependent manner. To examine whether the reduced levels of inflammatory mediators was due to the reduced cell viability, the toxicity of EOTC for RAW 264.7 macrophages was examined. We found that EOTC did not reduce the cell viability at concentrations ≤ 100 μg/mL, but the cell viability was reduced significantly by EOTC at concentration of 200 μg/mL ( Figure 2C ).
IL-1β is synthesized as an intracellular precursor of IL-1β (proIL-1β), an inactive immature form of IL-1β, via transcriptional activation in LPS-activated macrophages [12] . IL-1β release is controlled by NLRP3 inflammasome, a caspase-1-containing multiprotein complex [13] , and plays important roles in microbial infections and metabolic processes [14] [15] . We found that the levels of IL-1β were increased by NLRP3 inflammasome inducer LPS and ATP, and this effect was reduced by EOTC ( Figure 3A ). In addition, the levels of LPS-induced proIL-1β were also reduced by EOTC in a dose-dependent manner ( Figure 3B ). Given the importance of NLRP3 inflammasome in the pathogenesis of diseases, the anti-inflammatory properties of EOTC that target NLRP3 inflammasome or specific pro-inflammatory mediator pathways might be used to improve the control of inflammationrelated disorders. Mitogen-activated protein kinase (MAPK), including ERK1/2, JNK1/2, and p38, is activated by LPS and plays important roles in the expression of inflammatory mediators in macrophages [2, 3, 12, 16] . In the present study, we investigated whether EOTC is able to affect the activation of ERK1/2, JNK1/2, and p38 in LPSstimulated RAW 264.7 macrophages. As shown in Figure 4 , LPS induced increase in the phosphorylation levels of ERK1/2, JNK1/2, and p38 and these effects were reduced by EOTC. In this regard, it should be noted that decreased phosphorylation levels of MAPK by EOTC may be responsible for the decreased induction of the inflammatory mediators by EOTC. Hydrodistillation of the heartwood gave a dark-yellow colored oil with a yield of 2.63 ± 0.03 mL/100 g, based on the dry mass of heartwood. We further characterized the composition of EOTC using gas chromatography-mass spectrometry. The identified constituents of the oil are presented in Table 1 , where all compounds are listed in order of their elution from a DB-5 column. Forty-five compounds were identified, representing 98.2% of the oil. Among the groups, oxygenated sesquiterpenes predominated (68.4%), followed by, sesquiterpene hydrocarbons (28.9%) and diterpenes (0.9%). However, there was no discernible trace of monoterpenoids in the heartwood oil. Among the oxygenated sesquiterpenes, τ-cadinol (23.9%),-cadinol (21.1%) and cedrol (16.9%) were the major compounds. Takei et al. showed that cadinol isolated from the heartwood of Cryptomeria japonica increased the expression levels of CD1a, CD80, CD83, CD86 and HLA-DR on dendritic cells with a concomitant decrease in Anti-inflammatory activity of Taiwan fir heartwood oil Natural Product Communications Vol. 9 (10) 2014 1521 endocytic activity, and -cadinol-primed dendritic cells also enhanced the T cell proliferation [17] . Tung et al. showed that -cadinol and α-cadinol isolated from the leaf essential oils of Cinnamomum osmophloeum have hepatoprotective effects as they decreased the serum levels of aspartate aminotransferase, alanine aminotransferase, TNF-α, and IL-6 in mice stimulated with LPS/D-Galactosamine [18] . In conclusion, our findings demonstrated that the EOTC has anti-inflammatory activities and thus has potential to be a source for natural immune modulation products.
Experimental
Materials: Heartwood of T. cryptomerioides were collected in July 2013 from Chilan Mt in northeast Taiwan (Yilan County, elevation 850 m, N 24º 40´ 53˝, 121º 39´ 12˝). The samples were compared with specimen no. ou 5996 from the Herbarium of National Chung-Hsiung University. The voucher specimen (CLH-040) was deposited in the NIU herbarium. Heartwood of the species was collected for subsequent extraction and analysis. LPS (from Escherichia coli 0111:B4), ATP, and mouse antibodies against mouse phospho-ERK1/2, phospho-JNK1/2, phospho-p38, actin and the other chemicals were purchased from Sigma (St. Louis, MO). Rabbit antibodies against mouse ERK1/2, p38, iNOS, COX-2, and HRP-second antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). IL-1β, IL-6, and TNF-α ELISA kits were purchased from R&D Systems (Minneapolis, MN).
Isolation of EOTC:
One Kg air-dried T. cryptomerioides heartwoods were distilled for 3 h using a Clevenger-type apparatus and a hydrodistillation technique. After distillation, the volume of essential oil obtained was measured, and the essential oil then stored in glass containers that were hermetically sealed with rubber lids, covered with aluminum foil to protect the contents from light, and kept refrigerated at < 4ºC until used. The yield of essential oil was 2.63 ± 0.03 mL/100 g, based on the dry mass of the leaf.
EOTC analysis:
A Hewlett-Packard HP 6890 gas chromatograph equipped with a DB-5 fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness, J&W Scientific) and a FID detector was used for the quantitative determination of EOLF components. The oven temperature was programmed as follows: 50ºC for 2 min, rising to 250ºC at 5 ºC/min. Injector temperature: 270ºC. Carrier gas: He with a flow rate of 1 mL/min. Detector temperature: 250ºC, split ratio: 1:10. Diluted samples (1.0 μL, 1/100, v/v, in ethyl acetate) were injected manually in the split mode. Identification of the oil components was based on their retention indices and mass spectra obtained from GC/MS analysis on a Hewlett-Packard HP 6890/HP5973 equipped with a DB-5 fused silica capillary column (30 m x 0.25 mm x 0.25 μm film thickness, J&W Scientific). The GC analysis parameters listed above and the MS were obtained (full scan mode: scan time: 0.3 s, mass range was m/z 30-500) in the EI mode at 70 eV. Data are expressed as the means ± SD of 3 independent experiments.
Component identification: Identification of EOTC constituents was based on comparisons of retention index (RI) [20] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [19] [20] .
Cell cultures:
The murine macrophage cell lines RAW 264.7 and J774A.1 were obtained from the American Type Culture Collection (Rockville, MD). Both cells were cultured in RPMI 1640 medium supplemented with 10% heat-inactivated fetal bovine serum (FBS) and 2 mM L-glutamine (all from Life Technologies, Carlsbad, CA) at 37 C in a 5% CO 2 incubator.
AlamarBlue® assay for cell viability: RAW 264.7 macrophages were seeded in 96-well flat-bottom plates at a density of 5000 cells in 100 l of RPMI 1640 medium containing 10 % FBS per well and incubated for 24 h at 37 °C in a 5 % CO 2 incubator. The cells were incubated for 24 h with or without EOTC. The AlamarBlue® assay was used to determine the cytotoxicity of EOTC. The procedure was conducted following the protocol described in the manufacturer's instructions (AbD Serotec, Oxford).
Detection of the expression levels of pro-inflammatory mediators:
RAW 264.7 macrophages were incubated for 30 min with or without EOTC, then for 24 h with or without 1 g/ml of LPS. The levels of NO in the culture medium were measured by the Griess reaction [21] . The levels of IL-6 and TNF-α in the culture medium were measured by ELISA. The levels of iNOS and COX-2 in cells were measured by Western blot [21] .
Detection of the expression levels of IL-1β:
J774A.1 macrophages were incubated with or without EOTC for 30 min, then for 5.5 h with or without 1 g/ml of LPS, then for 30 min with or without 5 mM ATP. The levels of IL-1 in the culture medium were measured by ELISA.
